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In Maize (Zea maize L.), cost of hybrid seed production is directly related 
to the yield and quality of seed obtained per hectare of female parent. It is also 
important to consider the effects that a male parent can exert on the 
development of hybrid seed in the female parent. This effect is known as xenia. 
The objectives of this study were to evaluate xenia effects on 1) yield as 80K 
units, 2) germination of the hybrid seed and 3) susceptibility of the hybrid seed to 
mechanical damage. One female inbred and four male inbred lines were selected 
from a parent list of hybrids. The experiment was designed to allow individual 
cross pollination between each male inbred and the female inbred line. For use 
as a control, the female inbred was allowed to self pollinate. Experiments were 
conducted in Illinois and Iowa during 2008 and 2009 and in Nebraska during 
2009. A significant inbred effect was detected on yield as 80k (α=0.001). The 
selfed female and pollination with male inbred B resulted in lower yields of hybrid 
seed. For germination, a significant inbred effect was detected (α=0.001), but 
was due to lower germination percentage of seed produced on the selfed female. 
All hybrid combinations resulted in higher germination percentages with no 
significant differences among hybrids. The inbred x mechanical damage 
interaction was significant (P=0.04) for effects on cold saturated soil germination 
  
 
 
tests. Use of inbred B resulted in a two-percentage-point reduction in cold 
germination when treated with the impact simulator. In a maize seed company, 
the production research group provides yield estimates for production of new 
hybrid combinations. Results from this study indicate that using only the female 
inbred yield may provide inaccurate estimates. Therefore to improve yield 
estimation, experiments should be designed to include male inbreds. Male 
inbreds can also impart a negative effect to the hybrid seed on tolerance to 
mechanical damage, thus lowering quality and increasing seed discard. When 
testing for hybrid seed germination, there is no need to consider distinct hybrid 
combinations. Female inbreds can be grown in open-pollinated fields to avoid 
loss of vigor observed with selfing.  
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Abbreviations: Env, environment; GDU, Growing degree units; kg/ha, 
kilograms per hectare; S50, 50% silking plants; sd/kg, number of seeds per 
kilogram; P50, 50% pollen shedding plants; 80k, units of 80,000 seeds; SNP, 
Single-nucleotide polymorphism 
Definitions: Growing degree unit- Calculated by taking the average of the 
daily maximum (up to 30°C) and minimum temperatures (down to 10 °C) 
compared to a base temperature of 10 °C; Environment – year by location 
combination 
Introduction 
Improved cultivars of several plant species are commercialized as F1 
hybrids. Successful production of these crops is contingent on four basic 
requirements:  (1) Hybrid must exhibit heterosis; (2) Fertile pollen can be 
eliminated from the female parent; (3) Pollen from the male parent can be 
effectively transported to the female and; (4) Hybrid seed can be produced 
reliably and economically (Fehr, 1987).  
In Maize (Zea maize L.), cost of production is directly related to the yield and 
quality of seed obtained per hectare of female parent. In Syngenta, the 
Department of Production Research evaluates parents and cultural practices in 
order to optimize efficiency in commercial production of hybrid seed. Much 
importance is given to both parents. Female parents are studied for many 
aspects of production, including yield as units of 80,000 seeds attainable (80k) 
and growing degree units (GDU) necessary to obtain 50% silking plants (S50). 
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Male parents, on the other hand, are observed mainly for pollen quantity, shed 
duration and GDU necessary to obtain 50% pollen shedding plants (P50).  
Research has shown that low pollen quantities reduce yield (80k units) 
(Westgate et. al, 2003) and increase outcrossing between hybrid seed production 
fields (Astini et. al, 2009).   
It is also important to consider the genetic and physiological effects that a 
male parent can exert on the development of hybrid seed in the female parent. 
This effect is known as xenia. Maize seeds are composed of three major 
components, the pericarp, embryo, and endosperm, which contribute 
approximately 6%, 11% and 83% of the dry weight of kernels, respectively 
(Tollenaar and Dwyer, 1999). Of the three components, the pericarp is the only 
tissue that is of completely maternal origin. The embryo and endosperm are 
genotipically similar, receiving genes from both parents. However, the embryo is 
a diploid tissue and obtains an equal dosage of each parent’s genome, while the 
endosperm is triploid in chromosome number. The latter occurs from the fusion 
of two polar nuclei from the female seed parent and one sperm cell from the male 
pollen parent.  
Germination percentage of maize seed based on both Warm and cold tests 
are also important factors in determining the advancement of inbreds into 
commercial production, presumably because of their potential effect on hybrid 
seed quality. Germination is the renewal of enzymatic activity in the embryo 
which results in cell division, elongation and ultimately emergence of the embryo 
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through the seed coat. Many environmental factors, such as water availability, 
temperature and soil conditions, influence the germination of seeds. In addition, 
genotypic differences in germination rates and vigor exist among maize 
germplasm. Munamava et al. (2004) found significant differences in germination 
and seed vigor among 10 inbred lines with different composition and genetic 
backgrounds. Warm germination percentages ranged from 49% to 84%. Using 
saturated cold tests as a measure of seed vigor, germination percentages ranged 
from 52% to 72%. The four high-protein lines in the study averaged 64% 
germination in the saturated cold test while the single low-protein line averaged 
49%. The authors concluded that the genetic background (Argentina vs. St. Croix 
germplasm) along with higher protein concentration lead to overall higher seed 
vigor. In a physiological and genetic analysis study of germination efficiency, 
Limami et al. (2002) demonstrated the importance of the enzyme glutamine 
synthetase (GS) and the amino acid Glutamine in the germination process as 
concomitant increase of both the enzyme activity and amino acid content was 
observed. They suggest that Glutamine is acting either as a sink for ammonium 
released during both storage protein degradation and amino acid deamination or 
as a source for amino acid de novo synthesis by transamination. Using 
quantitative trait locus mapping they identified three quantitative trait loci (QTLs) 
related to germination that explained 18.2% of the phenotypic variance; three 
QTLs related to a trait linked to kernel size/weight, that explained 17% of the 
phenotypic variance and two QTLs related to GS activity at early stages of 
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germination that explained 17.7% of the phenotypic variance; and one QTL 
related to GS activity at late stages of germination that explains 7.3% of the 
phenotypic variance. 
In another study, low seed vigor during germination was attributed to a 
starch-deficient endosperm found in an endosperm mutant known as shrunken-2 
(Styler and Cantliffe, 1984). Ingle et al. (1963) observed an extensive loss of 
protein and insoluble carbohydrates from the endosperm during a five-day period 
of germination. Furthermore, studies done to determine the contribution of the 
endosperm to germination indicate that the mature embryo depends on the 
endosperm as a source of carbohydrate and inorganic ions (Dure, 1960). 
More than 80% of a kernel’s weight is contributed by the endosperm. 
Moreover, the weight of a kernel is highly influenced by the rate and duration of 
grain filling. Genes from both parents control the rate of grain filling (Poneleit and 
Egli, 1983). Seka and Cross (1995) observed that when using male lines with 
large kernels compared to lines with small kernels, there were significant 
increases in overall rate of grain filling, kernel dry weight and a reduced lag 
phase period in apical kernel development. Tsai and Tsai (1990) observed a 
modification in the endosperm of P3732, a small-kernel genotype, by cross-
pollinating with B73 x Mo17, a large-kernel genotype. Seeds produced from the 
cross showed a significant (p≤ 0.05) 12.4% increase in kernel weight and 20% 
increase in protein content compared to seed produced from self pollination of 
P3732. They also observed a prolonged duration of grain fill, a 24% increase in 
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plant dry matter, and a 44% increase in nitrogen accumulation. No significant 
changes were observed with a reciprocal cross, indicating a male-specific effect. 
Several other studies have shown that increases in kernel weight occur with 
cross pollination if the parents are substantially different in kernel traits (Hoekstra 
et al., 1985; Odhiambo and Compton, 1987; Pinter et al., 1987). Bulant and 
Gallais (1998) observed an increase on kernel weights (up to 12%) when cross 
fertilization occurred from male lines that were not related to female lines. 
However, they found no correlation between an increase in kernel weight of the 
F1 hybrid seed due to cross fertilization and seed weight of the parents. Bulant 
and Gallais (2000) also found an average increase of 7.8% in starch content 
when two French inbred lines were cross pollinated. These results were 
attributed to an increase in activity of ADP-glucose pyrophosphorylase, a key 
enzyme in starch biosynthesis. In their studies, they concluded that general 
expression of xenia is associated to the genetic distance between parents but 
specific complementation of female and male genes help determine the level of 
expression of the xenia effect.  
In addition to xenia effects observed on seed size and endosperm, significant 
xenia effects also have been observed on embryo weight. Pahlavani and 
Abolhasani (2006) found significant increases in embryo weight of cross fertilized 
cotton seeds, of up to 14% when compared to self fertilized seeds. However, not 
all crosses showed significant differences in embryo weight between crossed and 
self fertilized seeds, suggesting a xenia by genotype interaction.  
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Mechanical damage is another important factor that affects seed quality. 
Kernel characteristics are defined by environment and genetics, and then further 
affected during harvesting, drying, storage and handling (Vyn and Moes, 1988). 
Mechanical damage can occur during common commercial production 
operations. Practices such as harvesting corn with high moisture, rapid drying at 
high temperatures, and mechanized harvesting and handling, can result in 
ruptured or cracked pericarp that can lead to further loss in quality during 
handling and storage. The pericarp, being maternal tissue, can only be affected 
passively in adjustment to the growth of the endosperm and embryo.   
Despite the past research on xenia effects in maize and other agronomic 
crops, there is still much to understand regarding effects of this phenomenon. 
Experiments to date have focused mainly on kernel development and plant yield. 
There is a lack of research related to xenia effects on susceptibility to mechanical 
damage caused by enlargement of non-maternal tissue and effects on 
germination of maize hybrid seed. The objectives of this study are to evaluate 
xenia effects of 4 male inbreds as mated on one female inbred on 1) yield as 80K 
units, 2) germination of the hybrid seed as measured using both Warm and cold 
germination tests and 3) susceptibility of the hybrid seed to mechanical damage.  
 
Materials and Methods 
Plant Material. One female inbred and four male inbred lines were 
selected from a parent list of Syngenta Hybrids. Selection of inbreds for use in 
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this study was focused on germination quality. Warm test germination among 
these lines ranges from 90% to 99%. Cold test germination ranges from 68% to 
96%. A secondary selection factor was the level of tolerance to mechanical 
damage (Table 1). One male line (A) was selected for susceptibility to 
mechanical damage. The female selected (E) for this experiment has both good 
germination and tolerance to mechanical damage. A male fertile female was 
selected to avoid combining effects that have been observed in xenia studies 
when using males with non-restored cytoplasmic male sterility (CMS). 
Weingartner et al. (2002) observed an average 9.1% increase in grain yield 
caused by a combining xenia and sterile effect (termed: plus-hybrid effect). 
Relative to normal fertile versions, these yield gains were due to the plus-hybrid 
effect and were larger than yield gains resulting from either CMS or xenia effects 
alone. 
The genetic similarity between lines was obtained from Nei and Li’s 
coefficient values (Nei and Li, 1979; Lamboy, 1994) calculated from genotypes 
based on more than 2000 genotypic SNP marker loci (Table 2). On average, 
there were 200 SNP markers per chromosome. The Nei and Li coefficient value 
is obtained by dividing the number of marker alleles in common between lines by 
the average of the proportion of marker alleles present in the lines being 
compared. A measurement of "1" would indicate that 2 lines are identical at all 
marker loci. As expected the highest similarity was between inbreds A and E 
which belong to the same heterotic group (Table 1). However, these lines still 
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show a fair amount of genetic distance as 16% of the markers used differ 
between lines. With the exception of the hybrid combination between inbreds A 
and E, all other hybrid combinations are representative of typical hybrids 
observed in commercial production. 
Field experiment. Planting of inbreds was based on recommendations 
that adjust planting dates according to specific inbred P50 and S50 data. This 
was done in order to meet inbred shedding and silking nicks (Table 3).  
The experimental design was a randomized complete block arrangement for 
the yield and compositional analyses. Plots consisted of a male adjacent to the 
selected female (Table 4). Female rows were detasseled at the tassel stage 
(VT). Plots consisted of six rows, 76cm apart, with the male pollinating source as 
the two outer rows. Male rows were split into two planting dates in order to 
increase pollen shed duration.  Row length was 6.1 m with 76cm of alley. Three 
replications at five environments were carried out at Syngenta production 
experimental stations. To minimize cross contamination, main plots were 
separated by 6.1 meters of a male sterile maize inbred and only the middle 3.05 
meters of each female row were used for analysis. A total of 15 plots were grown 
per location per year in an approximate field area of 0.46 hectares. 
To obtain male inbred per se yields one replication of each of the four male 
inbred lines was allowed to self pollinate at each environment. Male self 
pollination plots consisted of all six rows, 76cm apart, of a specific male inbred. 
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Row length was 6.1 m with 76cm of alley. To minimize cross contamination, the 
same methods were used as in the cross pollination experimental plots.  
The Julian date to P50 for the male inbred lines and S50 for the female lines 
synchronized well in all environments (Table 5). The P50 data were taken only in 
Clinton 2008 and 2009 and Waterloo 2009. However, in Washington 2008 and 
2009, plots were checked by local staff to make sure that silking of inbred E and 
pollination of male plants were in synchrony as expected from planting 
recommendations. Estimated dates of when male plants started flowering at 
Washington are July 31, 2008 and August 5, 2009. Daily maximum temperatures 
and relative humidity (RH) achieved in each environment during the critical 
pollination period are presented in Table 6. Observing maximum daily 
temperatures is important because of the relationship between pollen viability 
and temperature. Herrero (1980) took tassels from field-grown plants and placed 
them in growth chambers maintained at daytime temperatures of 27, 32, and 
38°C. Nighttime temperatures were maintained 6°C cooler. In vitro germination of 
the pollen was measured after 24 and 48 hours. Results indicated that prolonged 
exposure to temperatures above 32°C can significantly reduce pollen viability of 
many genotypes, with a 73% decrease in pollen germination percentage when 
the temperature was raised from 32°C to 38°C. In the same study, 9 of 15 
genotypes decreased 19% in percentage of pollen germinated when changing 
temperature from 27° to 32°C.  Relative humidity is another important factor in 
pollen viability and longevity. Contrary to most species, pollen of Gramineae 
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species is very sensitive to low RH (Johnri, 1961). At a RH lower than 40%, 
pollen viability is extremely short lived. 
Location description. General management and characteristics of locations 
used in the study are presented on Table 7. All plots were managed using similar 
practices at all locations.  To ensure a final stand of 9.20 plants m-2, a seeding 
rate of 11.15 seeds m-2 was used at planting and later thinned down to the 
desired stand.  
Nebraska. Soil at the Waterloo, Nebraska station is from the Marshall 
series which consist of very deep, well drained soils formed in loess (NRCS, 
WSS). The soil taxonomic class is a Fine-silty, mixed, superactive, mesic Typic 
Hapludolls. The slope is between 0 and 1 percent. Mean annual precipitation is 
about 76.5 cm.  
The field experiment was conducted at Waterloo during 2008 and 2009. In 
2008 a severe hail storm destroyed all plots and consequently the trial at this site 
was dropped. During 2009, plots at Waterloo were planted on May 8 and 
harvested on October 2. 
For weed control, Lexar® herbicide was applied at a rate of 8.27 l ha-1 mixed 
with Aatrex® herbicide at a rate of 1.18 l ha-1 as a preplant treatment. For post 
emergence weeds, a mixture of Accent® and Bicep II Magnum® herbicides were 
applied at a rate of 31.9 g ha-1 and 1.47 l ha-1 respectively.  One application of 
Warrior II® insecticide was applied at a rate of 140 ml ha-1 to prevent root worm 
beetle infestation. The fertilization program consisted of one application of 100 kg 
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ha-1 of nitrogen and phosphorus as broadcast in the form of a granular 11-52-0 
NPK + urea mixture prior to disking.  
Iowa. Soil at the Washington, Iowa station is from the Mahaska series which 
consists of very deep, somewhat poorly drained soils formed in loess. The soil 
taxomic class is Fine, smectitic, mesic Aquertic Argiudolls. Slopes range from 0 
to 5 percent. Mean annual precipitation is about 81 cm.  
The experiment was conducted at this site during 2008 and 2009. In 2008, 
plots were planted on May 22 and harvested October 8. During 2009, plots were 
planted May 21 and harvested on October 6.  
The fertilization program consisted of a 112 kg ha-1 application of nitrogen 
in the form of urea applied during the middle of June. For pest control, Dual II 
Magnum® herbicide was applied at 1.95 l ha-1 on May 9 and Callisto® herbicide 
was applied at a rate of 182.6 ml ha-1 on June 30.  Two applications (July 29 and 
August 8) of Warrior II® insecticide were applied at a rate of 140 ml ha-1 to 
prevent root worm beetle infestation. Quilt ® fungicide was applied at a rate of 1 l 
ha-1 to avoid rust infestations.  
Illinois. At the Clinton, Illinois station, the soil is from the Catlin series which 
consists of very deep, moderately well drained soils on till plains formed in loess 
or other silty material. Soil taxonomic class is Fine-silty, mixed, superactive, 
mesic Oxyaquic Argiudolls. Slope ranges from 0 to 15 percent. Mean annual 
precipitation is 89 cm. 
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The field experiment was conducted at Clinton during the 2008 and 2009 
growing seasons. In the 2008 season, plots were planted on May 6 and 
harvested October 9. For the 2009 season, plots were planted May 29 and 
harvested October 7.  
The farm fertilization program consisted of a 136 kg ha-1 application of 
nitrogen in the form of ammonium nitrate during early May. For pest control, Dual 
II Magnum® herbicide was applied at 1.95 l ha-1 on May 12 and Callisto® 
herbicide was applied at a rate of 221 ml ha-1 on June 6.  One application 
(August 8) of Warrior II® insecticide was applied at a rate of 120 ml ha-1 to 
prevent root worm beetle infestation. 
Harvest and 80K estimate.  Harvest of maize ears was done after 
maturity of all plots had been reached. Hand harvested ears were dried for 3 
days at 30°C to obtain a uniform moisture (120-160 g H2O). Ears were shelled 
using a single ear electric powered sheller. Harvest moisture was determined 
with a Grain Analyses Computer 2100 series (GAC). A wildcat® weighing scale 
from Mettler Toledo was used to obtain kilograms of seeds per plot. Grain yield 
was adjusted to a moisture level of 155 g kg-1. Seed size of the commercial seed 
and percentage of discard was obtained by passing seed through 24/64 and 
15/64 screens. Seeds that remain over the 24/64 screen and those that fell 
through the 15/64 were classified as discard. One hundred grams of kernels from 
the commercial seed were counted using a SeedburoTM count-a pak seed 
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counter to obtain the number of seeds per kilogram. The number of 80K units per 
hectare (80k/ha) was obtained using the estimated kg ha-1 and seed size. 
Pollen Quantification. Pollen production per tassel was estimated for 
three plants per plot in 2009 environments by covering tassels with clear plastic 
bags (Pantek, Montesson, France) designed to exclude moisture but allow gas 
exchange around the tassel. Bags were placed over the tassels before the 
beginning of pollen shed and kept on the tassels until shedding was complete (5–
7 days). Pollen was washed from the bags in isotonic solution (Isotone II, Coulter 
Corporation, Miami, FL), filtered to remove debris, and counted with a Beckman 
Z2 particle analyzer (Beckman Coulter, Fullerton, CA).  
Germination tests. Samples were taken from harvested seed and sent 
for germination tests to Syngenta Quality Testing Laboratories in Minnesota. All 
samples were treated with Cruiser® prior to germination tests at a rate of 3.5ml 
per 453.6 grams of seed. This is a standard practice used in seed treatment of 
commercial seed. Cruiser provides instant, early-season, broad-spectrum pest 
control, thereby enhancing plant vigor and crop yield potential. It is a 
Neonicotinoid seed treatment insecticide based on thiamethoxam. Samples for 
germination include one repetition of all parents from each location used in the 
study. Viability and vigor measurements were obtained by placing four 
subsamples of 100 seeds of each plot in moist rolled cellular paper towels at 
25˚C (tolerance of 24-26° C). After 7 days, germinated seeds were counted and 
results evaluated using Association of Official Seed Analysts (AOSA, 2007) and 
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Seedling Evaluation Handbook.  For each plot, germination results for the four 
subsamples were averaged to give one value for the plot, which was used in the 
analysis of variance (ANOVA).   
To determine viability and vigor under stress conditions, four subsamples 
of 100 seeds of each plot at all environments were subjected to a cold saturated 
soil test (CSAT) as determined by AOSA Rules. Pre-moistened germination 
towels were placed over egg crate.  A template was placed on top of the 
germination towels and crate. Eight hundred to 1000ml of pulverized soil was 
placed inside the template taking off excess soil. The finished tray was moved 
into a food service type cart and water was added to the tray. The cart was 
moved into a cold chamber at 10°C (tolerance of 8-12˚C) overnight to allow the 
soil to saturate and pre-chill. Carts were then removed and labeled properly 
according to genotype, repetition (2 reps), planting date and date of evaluation.  
Using a dropping board, 100 seeds were dropped on the soil into the trays. After 
proper planting, additional water was then added to the tray. The cart was then 
left in the cold chamber at 10°C (tolerance of 8-12˚C) for four days.   After 4 
days, the cart was transferred to a warm chamber at 25°C (tolerance of 24-26˚C) 
for three days. On the 7th day, results of the test were evaluated by observing the 
shoots to determine dead and abnormal seeds. Dead seeds were determined as 
any seed where the shoot does not extend beyond the perimeter of the seed. 
Abnormal seeds follow AOSA rules for shoots. Results were reported as a 
percentage of normal germinated seedlings.  For each plot, germination results 
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for the four subsamples were averaged to give one value for the plot, which was 
used in the ANOVA.   
Compositional Analysis. Compositional analysis of the hybrid and parent 
seed was done at the Grain Quality Laboratory at Iowa State University in Ames, 
IA.  Seed protein, starch and oil concentration was measured in duplicate from a 
500g sample. The protein, oil, starch and moisture concentration of the sample 
was determined by near-infrared spectroscopy on a Foss Infratec 1229 whole-
seed infrared analyzer machine (FOSS North America, Eden Prairie, MN, USA). 
Amino acid profile was analyzed by wet chemistry using approved high 
performance liquid chromatography methods. Results were expressed as a 
percentage of the total seed weight on a dry matter basis.  
Mechanical damage.  One 1000 g subsample was taken from each main 
plot sample and split into two 500 g samples. One 500 g subsample was treated 
with the impact simulator set at 50 psi and run through the simulator three times 
prior to running the germination tests. The other subsample was used as a 
control.  Susceptibility to mechanical damage was determined if there was a 
significant decrease in Warm and CSAT germination percentages compared with 
the control subsample.  
Statistical Power and analysis. The power of the experiment was 
calculated using STATISTIX 8 analytical software for windows (Analytical 
Software, 2003).  The variance of warm seed germination (2.45) was obtained 
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from 2007 data of inbred tests from Syngenta Production Research Experiments.  
We designated 2 percentage units as a significant difference in germination.  
Accepting a type I error (α) of 0.05 we determined that 13 experimental units 
(EU) were necessary to have a power of 0.90 of finding a difference of at least 2 
percentage units as significant.  A total of 15 plots per entry (5 Env x 3 Reps/Env) 
were used in the experiment. 
Year-location combinations were treated as independent environments. 
For the analysis of variance for these experiments, inbred and environment were 
considered fixed effects, and replication was a random effect. The source and 
degrees of freedom on information for the analysis of variance is shown in Tables 
8 and 9. The data were analyzed using SAS analytical software (SAS, 2002). 
The SAS statements used for the combined analysis of variance on 80k, yield 
per hectare, seed size and all compositional traits was: 
 
Proc mixed data=xenia_yield method=type3; 
  CLASS Env Inbred Rep; 
  MODEL variable = Env Inbred Env*Inbred; 
  random Rep(Env); run; 
 
 The error term used for the environment effect was the Rep/Env. For 
inbred and inbred by environment interaction effects, the residual experimental 
error term was used. 
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For variables related to germination and mechanical damage the SAS 
statements include another class designated as “Type” to distinguish between 
seed treated for mechanical damage and the untreated control seed. Type was 
considered a fixed effect. The SAS statements used were: 
 
Proc mixed data=xenia_germ method=type3; 
 class Env Rep Inbred Type; 
 model variable= Env Inbred Inbred*Env Type Type*Inbred Type*Env 
Type*Inbred*Env; 
 random Rep(Env) Inbred*Rep(Env);  run; 
 To test for the environmental effect, the Rep/Env term was used. For 
inbred and inbred by environment interaction effects, the Inbred* Rep/Env term 
was used. The residual experimental error term was used to test for Type main 
effects and all Type interaction combinations with inbred and environment.   
The phenotypic relationships among hybrid seed germination values and 
seed compositional values from male inbreds per se were determined by means 
of correlation coefficients using SAS PROC CORR ( SAS, 2002). The SAS 
statements used were: 
PROC CORR data=xenia outp=corr; 
var  hyb_csat  hyb_warm  Protein Oil Starch Density GlutamicAcid  Methionine 
Lysine ;     run; 
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Results and Discussion 
Yield as 80K units 
 
Inbred yield per se 
Among male parents, inbred A had the lowest kg/ha yield (7005.9 kg/ha) 
but inbred B had the lowest 80K yield (267.1 80k units/hectare), largely due to its 
large seed size (3957 seeds/kg) that resulted in a higher percentage of discard 
(Table 10). Inbred C had the highest 80k yield at 333.4 80k units/hectare.  
Hybrid seed yield 
 
A highly significant environmental effect (p≤ 0.0001) was detected for 
seed weight, kg ha-1 and 80k ha-1 yields (Table 11). All environments except 
Clinton 2009 and Washington 2009 had significantly different mean yields for 
both 80K/ha and kg/ha (Table 12). Conditions at the Waterloo 2009 environment 
resulted in a very high number of seeds per kilogram when compared to the 
other environments. This suggests this environment was conducive to very good 
pollination, leading to a complete seed set on maize ears. This resulted in high 
yields and 80k units obtained during the Waterloo 2009 growing season.  
Mean population of male plants differed across environments (Figure 1). 
Two of the five environments, Clinton 2008 and Washington 2008, had lower 
male plant populations than the target 9.2 plants m-2. The mean populations of 
female plants per acre were also lower than desired at the Washington 2008 
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environment. Lower than expected female and male populations at Washington 
2008 could have led to the observed low yields at this environment. This however 
does not explain low yields observed at Clinton and Washington 2009 
environments which achieved the desired stands. On the other hand, Clinton 
2008 had a relatively high yield while having the lowest male population of all 
environments at approximately 6.0 male plants per m-2.  Research has shown 
that pollen quantity and pollen viability are two other factors than can help explain 
low yields. For pollen quantity, two replications of data were taken at the 2009 
environments only. Mean pollen production was significantly lower at Waterloo 
2009 compared with the other two environments (Figure 2). However, when 
adjusting pollen quantity per tassel to total pollen produced per hectare, all three 
environments produced similar amounts of pollen quantity per hectare. For pollen 
viability, research has shown that temperatures above 32°C for extended periods 
of time can lead to a decrease in viable pollen on some genotypes (Herrero, 
1980). Temperature data was recorded during the critical period of pollination 
(Table 6). Two consecutive days of maximum temperature above 32°C suggests 
that prolonged high temperatures could have played a role in decreasing pollen 
viability leading to lower yields observed in Clinton 2009. The observed 
environmental effects have important implications on selection of locations for 
production of maize hybrid seed. Production fields should be selected that 
promote the establishment of desired plant population, adequate pollen 
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production on the male inbred and favorable temperatures that sustain pollen 
viability.   
Significant male inbred effects were detected for all hybrid seed yield 
related traits (Table 11).  Inbreds A, C and D obtained statistically equal yields in 
80k units produced per hectare (Figure 3). Inbreds B and the selfed inbred E on 
the other hand, resulted in significantly lower yields. The number of seeds per 
kilogram for inbred B was the lowest out of all the five male inbreds used for 
crossing. This led to an 18% lower number of 80k units per hectare obtained 
compared to the average of the other three hybrids.  The lower number of seeds 
per kilogram suggest a lower than optimum seed set occurred when crossing 
inbred B to the female (inbred E). It is difficult to determine if this was due to poor 
receptivity of the female or male pollen viability. With the exception of male 
inbred C, male plant population of inbreds across environments was close to the 
9.2 plants m-2 desired stand (Table 13). However, the population for inbred C 
was the lowest observed, yet yield was equal to the top yielding lines. This 
suggests that other factors are affecting hybrid seed yield when crossing with 
inbred B. Furthermore, pollen quantity both by plant and per hectare for inbred B 
was equivalent to inbreds A and D while pollen quantity for inbreds C and E were 
significantly lower (Figure 4). Even though pollen quantity was lower for inbred C 
when compared to inbreds A, B and D, total pollen per hectare quantity was 
sufficient to obtain comparable yield.  Westgate (2003) observed no decrease in 
yield until total pollen production was below 4.5 x 109 grains ha-1.  
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One of the objectives for production research is to provide yield estimates 
for field production of new hybrid combinations using small plot data. At 
advanced stages of product development, inbreds are studied extensively for 
feasibility of production. Prior to commercial production seed yield of female 
inbreds in small plots have been collected across a number of environments and 
male inbreds have been characterized for pollen producing traits. However, 
female and male inbreds are evaluated separately in parental trials. In this study 
we observed that male inbreds A, C and D resulted in higher 80 K yields of 
hybrid seed than male inbred B and the self-pollinated female inbred E.  Results 
in this study indicate there is on average an 11% difference in hybrid seed yield 
compared to yield of the selfed female. This can lead to errors in the estimates of 
yield when only using the female inbred for estimation. In order to improve yield 
estimates, parent yield experiments should be designed to include the specific 
male inbred in a hybrid combination. For example, prior to production, mini strip 
trials that incorporate a 4:1 planting pattern can be used on advanced materials 
that are projected for commercial launch.  
A significant genotype x environment effect was detected for yield and 
80k. The interaction occurs mainly due to differences in magnitude across 
environments for the different inbreds (Figure 5).  When observing inbreds D and 
C, both inbreds obtained significantly higher yields when grown in Waterloo 2009 
compared to Washington 2008. At both environments, inbred D had a higher 
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yield, however, the difference in yield is much more pronounced at the Waterloo 
2009 environment.  
Germination and Mechanical damage 
Inbred per se 
Mean CSAT germination observed on male parent inbred lines per se 
ranged from 61% for inbred C to 84% for inbred B (Table 14). Warm germination 
tests ranged from 77 to 96% for these same two inbreds. When observing CSAT 
germination of the parental inbreds by environments, inbreds responded similarly 
across environments with the exception of inbred B which had a drastic reduction 
in germination (10 % germination) at Waterloo 2009 (Figure 6).  
Hybrid Seed 
 A significant male inbred effect on germination was detected for both 
CSAT and Warm germination tests (Table 15). All male inbreds resulted in higher 
germination of the hybrid seed. Lower germination of inbred E is attributed to a 
loss in vigor due to inbreeding depression.  No significant differences were 
observed among male inbreds for effects on germination of the hybrid seed 
(Figure 7). Lack of significant differences across male inbreds for effects on 
germination of the hybrid seed indicate there is no need to consider distinct 
hybrid combinations when testing for quality on the female inbred. Parent Tests 
that reveal germination quality on female inbreds can be grown in open pollinated 
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fields and consequently would not suffer from the loss of vigor observed with 
selfing.    
Environment, on the other hand, did show a significant effect on both 
Warm and CSAT germination tests (Figure 8).  The CSAT germination tests 
ranged from 94% germination at Waterloo 2009 to 97% at Washington 2008; 
Warm germination tests ranged from 97% at Washington 2009 to 99% at 
Washington 2008. This indicates that the environment has much more of an 
effect on germination of the produced hybrid seed than the effect of changing a 
male inbred on a hybrid combination. No significant environment by inbred 
interaction effect was found on CSAT test germination. Only a marginal effect 
was detected on Warm germination tests (p=0.07). The lack of a male inbred by 
environment effect on germination indicates that the relative ranking of an inbred 
for germination test results would be similar in any environment. This suggests 
that one environment would be sufficient for evaluating germination quality of the 
female inbred. However, given the large environment effect observed on 
germination, it is recommended that several environments be used for evaluation 
of germination quality to avoid the mishap of evaluating germination on seed 
from an environment conducive to poor quality.  
For mechanical damage, a significant difference (p≤ 0.05) was detected 
between the treated and control seed for CSAT test germination, but not for 
Warm germination (Table 15). The control seed averaged 96% CSAT 
germination while the impacted seed averaged 95.5% (Table 16). This difference 
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in germination is of little practical importance when considering seed production. 
However, the inbred by Type interaction was significant (p≤ 0.05) for effects on 
CSAT germination tests (Tables 15 and 16). When used for crossing, one of the 
five inbreds (inbred B) resulted in a two percentage point reduction in CSAT 
germination when treated with the impact simulator. This could be a direct result 
of having a larger seed size where the pericarp could be more exposed to 
mechanical damage. This observation is of importance to the seed industry since 
it indicates that some male inbreds can impart a negative effect to the hybrid 
seed on the tolerance to mechanical damage, thus lowering quality and 
increasing seed discard. These effects could also be tested on advanced 
materials as a sub observation in the previously mentioned strip trials that take 
into account the hybrid combination effect. 
A significant environment by Type interaction (p≤ 0.05) was detected for 
effects on Warm germination (Table 15). In Washington 2009 there was a 0.5% 
decrease in Warm germination obtained from seed treated with the impact 
simulator (Figure 9). In contrast, in Clinton 2008, there was a 0.8% increase in 
Warm germination observed with the impact treatment.  However, the observed 
difference in Warm germination between the control and impact Type was within 
1%. This difference is not of practical importance in commercial production. 
 The protein, oil, starch, and seed density composition as well as 
methionine and lysine amino acid concentration of the hybrid seed differed 
significantly (p≤ 0.05) among male inbreds used for cross pollination (Table17). 
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Glutamine has been observed to be an important amino acid during germination 
development (Limami et al., 2002). However, no significant differences in 
glutamine concentration of the hybrid seeds were found in this study when using 
distinct male inbreds as the pollinating source (Table 17).   Pearson’s 
correlations between seed composition values of male inbreds per se and CSAT 
germination of the hybrid seed were significant (p≤ 0.01) for protein and starch 
concentration and for the amino acid methionine (Table 18).  Given the 
significant environment effect on seed protein concentration and most of the 
amino acids (Table 17), the significant correlations between the parental male 
inbred seed composition values and hybrid seed germination resulting from these 
males when used in cross pollination is of little practical importance. For 
example, the protein concentration of male inbred A ranges from 8.4% at Clinton 
2008 to 13. 6% at Clinton 2009 (Table 19). This wide range in values among 
environments suggests that in order to use compositional values of male inbreds 
per se as an indicator of hybrid seed germination, seed of male inbreds would 
have to be obtained from the same environment as the hybrid seed.  Production 
of hybrid seed in multiple locations in any given year quickly makes the use of 
any seed compositional value of male inbred per se as an indicator of 
germination quality impractical. 
Summary and Conclusions 
The objective of this study was to evaluate the effects of 4 male inbred 
lines on the development of hybrid seed and determine the implications of these 
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results on Production Research.  The traits evaluated for xenia effects were yield, 
germination and effects on susceptibility to mechanical damage.  
Results indicate that male inbreds can have an impact on yield of 80k 
units produced and this effect can lead to a significant error in yield estimation of 
hybrid seed production.  Furthermore, the effects observed from cross pollinating 
male inbred B with the female inbred indicated that male inbreds can also have 
an effect on susceptibility to mechanical damage. The effect of increasing seed 
size of the hybrid seed produced can lead to lower quality and result in an 
increase of discarded seed.  Therefore, when estimating field production yields 
and evaluating mechanical damage effects, production research should be based 
on designed experiments that include the specific male inbred.  This would 
reduce the error associated with estimating yields based solely on female inbreds 
and help determine negative effects of the male inbred on susceptibility to 
mechanical damage. Moreover, to avoid the constraint related to evaluation of a 
large number of hybrid combinations at early stages of product development, 
production research can be carried out with female by male specific experiments 
on advanced material projected for commercial launch. 
Significant correlations between a number of seed compositional traits of 
male inbreds per se and germination results of the hybrid seed were observed. 
However, use of male inbred per se compositional values as an indicator of 
hybrid germination quality is not practical due to the large environment effect 
observed on compositional traits.  
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When comparing germination percentages of the selfed female seed to 
the hybrid seed of that female when cross pollinated to each of the four male 
inbreds, the selfed seed had significantly lower germination percentages.  
However, no significant differences were observed on the germination of hybrid 
seed from the four distinct hybrid combinations.  This suggests that to evaluate 
germination quality of the hybrid seed, experiments can be designed to allow the 
female inbred to cross pollinate in an open pollinated field. This would reduce the 
amount of self fertilization and promote the increase in vigor observed in cross 
pollinated seed.   
The hybrid combinations used in this study are a good representation of 
common hybrids observed in production and the female inbred is also a widely 
used line in many commercial hybrids. Inference, however, is limited to the 
experimental set of inbreds. Future studies can be designed to include several 
female inbreds from other common heterotic groups in order to evaluate the 
consistency and interaction of male effects on these important production 
characteristics. 
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Tables 
 
Table 1. Corn Genetic family codes for five maize inbred lines. 
   Family   Germination%   
Line code 
Parental 
use Primary Secondary MG Warm CSAT‡ Mechanical damage rating§ 
A Male B73 B73 7 96.5 90 Sensitive 
B Male Derived from F1 hybrids 6 98.4 70.5 Tolerant 
C Male Iodent LH123, P3535 6 Poor† Poor N/A 
D Male C103 LH123, P3536 7 90.2 67.9 N/A 
E Female B73 B73 6 98.9 96.1 Tolerant 
† No germination data available. Parent seed department reports poor germination (< 80%) 
with this inbred.   
‡ CSAT- cold saturated soil germination test and represents a measure of seed vigor.   
§ Mechanical damage rating is “susceptible” if germination %, as measured by Warm or 
CSAT tests, of seeds subjected to a 50 psi impact simulator is significantly below the 
control. 
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Table 2. Nei and Li’s coefficient values of genetic similarity among five inbred 
lines using 2000 SNP marker loci† 
Inbred B C D E 
A 0.63 0.65 0.67 0.84 
B  0.68 0.74 0.63 
C   0.78 0.65 
D    0.70 
 
† A value of 1 would indicate that 2 lines are identical at all marker loci. Value of 0 
indicates no markers are shared between lines. Average genetic distance observed from 7 
widely produced commercial hybrids is approximately 0.64 (data not shown). 
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Table 3. Planting recommendations for 5 experimental hybrids 
Female S50† Male P50 Rec‡ 
E 1461.68 A 1394.41 Fe & M1 STP, M2@90 
E 1460.58 B 1342.64 Fe@0, M1@70, M2@145 
E 1466.09 C 1455.81 Fe & M1 STP, M2@75 
E 1477.18 D 1490.10 Fe& M1 STP, M2@60 
E 1465.30 E 1444.28 Fe & M1 STP, M2@60 
†S50, 50% silking plants; P50, 50% pollen shedding plants 
‡ Example- F@0, M1@70, M2@145; means female (F) planted first, first male (M1) planted at 70 
GDUs and second male (M2) at 145 GDUs. STP- Same time planting 
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Table 4.  Example of 1 repetition of the Experimental layout† 
      
              
    MA,1,2 E E E E MA, 1,2     
      
              
    MB,1,2 E E E E MB, 1,2     
    
                
    MC, 1,2 E E E E MC, 1,2     
                    
    MD, 1,2 E E E E MD,1,2     
                    
    ME, 1,2 E E E E ME, 1,2     
                    
 †Striped vertical pattern represents sterile inbred; Ma, 1,2 =first and second planting of male A; 
E=Female inbred E. Actual male inbreds in field experiment layout are randomized. Each square 
represents one row. 
 
 
 
 
 
 
 
 
 
6.1 
meters 
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Table 5. Fifty % pollen shedding plants (P50) and 50% silk exposed plants (S50) 
data recorded as Julian dates for Waterloo 2009 and Clinton 2008 and 2009 
environments† 
Line code Waterloo 09 Clinton 08 Clinton 09 
A 195 203 215 
B 196 203 216 
C 197 208 217 
D 197 209 217 
E 196 206 216 
S50‡ 196 207 215 
†P50 at Washington started on July 31 and August 5 for the 2008 and 2009 environments 
respectively. 
‡S50 for inbred E (female used in experiment) 
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Table 6. Daily maximum temperatures and mean relative humidity by 
environment for the critical period of pollination 
  Waterloo 2009 Clinton 2008 Clinton 2009 Washington 2008 Washington 2009 
Julian 
 
Max† 
 
 
Avg‡‡ Max 
 
 
Avg 
 
Max 
 
 
Avg 
 
Max 
 
 
Avg RH Max 
 
 
Avg 
 194 27.8 60 - - - - - - - - 
195 25.0 72 - - - - - - - - 
196 23.0 64 - - - - - - - - 
197 24.6 75 - - - - - - - - 
198 26.0 76 - - - - - - - - 
199 20.9 90 31.7 74 - - - - - - 
200 24.7 87 30.0 80 - - - - - - 
201 28.3 81 26.7 79 - - - - - - 
202 28.4 78 25.6 69 - - - - - - 
203 32.3 78 20.6 90 - - - - - - 
204 29.3 69 27.8 85 - - - - - - 
205 28.0 74 28.9 73 - - - - - - 
206 27.4 86 27.8 71 - - - - - - 
207 23.7 83 26.7 87 - - - - - - 
208 25.1 81 30.0 83 - - - - - - 
209 24.4 74 25.0 94 - - - - - - 
210 28.2 75 28.9 85 - - - - - - 
211 23.0 80 30.0 92 - - - - - - 
212 31.0 72 26.7 74 26.7 67 - - - - 
213 30.4 77 25.6 86 28.9 80 30.6 84 - - 
214 26.6 87 32.8 84 28.3 85 30.6 79 - - 
215 27.0 81 26.7 87 28.9 79 27.8 70 - - 
216 25.9 79 27.8 74 27.8 67 30.6 86 - - 
217 31.4 85 26.7 71 25.6 81 33.9 81 - - 
218 34.0 75 25.6 66 33.3 76 30.0 79 25.6 67 
219 24.9 92 26.7 72 33.9 73 27.8 70 26.7 69 
220 - - 23.9 75 30.0 76 27.8 69 27.8 87 
221 - - 25.0 71 29.4 71 26.7 65 31.7 78 
222 - - 25.0 70 28.9 65 27.8 83 31.7 76 
223 - - - - 30.0 64 25.0 82 27.8 87 
224 - - - - 30.0 63 25.0 75 27.8 77 
225 - - - - 30.6 69 25.0 82 28.9 76 
226 - - - - 31.1 81 27.8 75 30.0 78 
227 - - - - 30.0 82 26.7 75 30.0 69 
228 - - - - 28.9 75 25.6 68 28.9 75 
229 - - - - 28.9 87 26.7 66 27.8 89 
230 - - - - 27.2 70 27.8 70 25.0 93 
231 - - - - 25.6 76 28.9 68 26.7 76 
232 - - - - 23.9 70 30.0 69 25.6 94 
233 - - - - 25.0 70 27.8 75 25.0 78 
234 - - - - 26.1 73 22.8 88 20.6 90 
235 - - - - 27.8 76 27.8 92 23.9 72 
236 - - - - 28.9 74 27.8 74 25.0 74 
237 - - - - 30.6 74 25.0 69 25.6 75 
238 - - - - 23.9 88 23.9 76 30.0 82 
239 - - - - 23.9 70 25.0 72 22.8 86 
240 - - - - 20.0 81 26.7 80 20.0 95 
241 - - - - 21.1 69 25.6 87 23.9 81 
242 - - - - - - 25.6 66 20.6 72 
243 - - - - - - - - 20.0 73 
244 - - - - - - - - 20.6 69 
245 - - - - - - - - 21.7 73 
246 - - - - - - - - 22.8 74 
247 - - - - - - - - 25.0 73 
† Red bold font indicates maximum temperatures that exceeded 32°C; Max- denotes maximum 
temperature (°C) 
‡Avg indicates the average relative humidity 
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Table 7. General management and characteristics of locations used in the study 
of xenia effects on female inbreds in production of hybrid seed 
Descriptor Waterloo, NE Washington, IA Clinton, IL   
Soil series 
Marshall silty clay 
loam 
Mahaska silty clay 
loam Catlin silt loam  
Soil Family 
Fine-silty, mixed, 
superactive, mesic Fine, smectitic, mesic 
Fine-silty, mixed, 
superactive, mesic  
Soil subgroup Typic Hapludolls Aquertic Argiudolls Oxyaquic Argiudolls  
     
Tillage Discs Soil finisher 
Mulch finisher (1 pass 
in the spring)  
     
Previous crop     
2008 Soybeans Soybeans Soybeans  
2009     
Soil Fertility     
pH 5.9 6.2 5.9  
OM 3.30% 5.5% 3.20%  
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Table 8. Analysis of Variance Table for one location 
Source† Degrees of Freedom 
Male Inbred (g) g-1= 5-1 =4 
Reps (r) r-1 = 3-1=2 
  
Error (g-1)(r-1)=(3-1)(5-1) = 8 
Total (g x r)-1= (3x5)-1 = 14 
† Male inbred – Variation among male inbreds for a dependant variable; Reps – variation among 
replications for a dependant variable; Error –interaction between Male inbred x Reps; Total- total 
variation in experiment data for a dependant variable. 
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Table 9. Analysis of Variance for Multiple locations 
Yield and composition† 
Source‡ Degrees of Freedom 
Env (l) l-1=(5-1) = 4 
Reps (r) / Env l(r-1) = 5(3-1) = 10 
Male Inbred (g) g-1 = (5-1) = 4 
Male Inbred x Env (g-1)(l-1) = (5-1)(5-1) = 16 
  
Error (Rep/Env x Male Inbred) l(g-1)(r-1) = (3-1)(5-1) x 5 = 40 
Total (l x g x r) - 1 = (5)(5)(3) -1 = 74 
  
Germination and mechanical damage 
Source‡ Degrees of Freedom 
Env (l) l-1 = (5-1) = 4 
Rep/Env l(r-1) = 5(3-1) = 10 
Male Inbred g-1 = (5-1) = 4 
Env x Male Inbred (l-1)(g-1) = (5-1)(5-1) = 16 
Rep /Env x Male Inbred  l(r-1)(g-1) = 5(5-1)(3-1) = 40 
Type (t) (t-1) = (2-1) = 1 
Type x Male Inbred (t-1)(g-1) = (2-1)(5-1) = 4 
Type x Env (t-1)(l-1) = (2-1)(5-1) = 4 
Type x Env x Male Inbred (t-1)(l-1) (g-1) = (2-1)(5-1)(5-1) = 16 
Residual l x g(t-1)(r-1) = 5 x 5 ( 2-1)(3-1) = 50 
Total r x g x l x t -1 =  (3)(5)(5)(2)-1 = 149 
†Degrees of freedom for the compositional ANOVA change in the number of reps (2) 
‡Env- variation among environments (year x location combination) for a dependant variable. Male 
inbred – Variation among male inbreds for a dependant variable; Reps – variation among 
replications for a dependant variable; Type- variation between control and mechanical impact for 
a dependant variable; Rep /Env x Male Inbred- error term to test for effect of Env, Male inbred 
and Env x Male inbred. Residual- total minus the degrees of freedom of all the effects taken into 
account in the model; Total- total variation in experiment data for a dependant variable. 
 
 
 
 
 
 
 
  
 
 
37 
Table 10. Yield and seed weight means over environments for selfed plots of four 
male inbreds 
  Yield traits† 
Inbred kg/ha 80K/ha‡ Sd/kg§ 
A 7005.9 309.2 4893.7 
B 7485.7 267.1 3957.5 
C 8029.8 333.4 4884.1 
D 8033.1 280.3 4057.3 
† Data represents mean over one rep at 5 environments. 
‡ Units of 80,000 seeds per hectare 
§ Number of seeds per kilogram 
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Table 11. Analysis of variance table showing mean square for F-tests of yield related 
traits 
Source Kg ha-1 Seed/Kg 80K Pollen tsl† Pollen ha 
ENV 4.18E+07 *** 9.52E+05*** 1.04E+05*** 1.13E+12* 7.23E+21 
Genotype 4.11E+06*** 1.88E+05*** 1.14E+04*** 1.66E+12** 2.56E+22** 
ENV*Genotype 1.27E+06** 3.30E+04 2.92E+03** 6.168E+11 6.93E+21 
 † Pollen quantity was taken on two reps all Env during 2009 
*** Indicates significance at the 0.001 alpha level 
** Indicates significance at the 0.01 alpha level 
* Indicates significance at the 0.05 alpha level 
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Table 12. Male inbred x Env means for yield expressed as kg ha-1 and 80k units 
ha-1  
          
Env Inbred kg ha-1 Sd kg-1 80k ha-1 
Waterloo 2009 A 9241.4 4372.8 406.5 
 B 9236.5 4196.6 389.9 
 C 8418.8 4493.9 379.7 
 D 9262.7 4328.7 403.2 
 E 7449.1 4174.5 312.8 
  Mean 8,721.7 4,313.3 378.4 
Washington 2008 A 5524.6 3682.3 236.5 
 B 4240.1 3549.3 175.7 
 C 4612.9 3712.3 199.2 
 D 4712.6 3629.1 199.3 
 E 4411.9 3768.8 193.6 
  Mean 4,700.4 3,668.4 200.8 
Washington 2009 A 6095.2 3855.1 236.0 
 B 4492.4 3678.9 166.4 
 C 5444.8 3888.1 213.4 
 D 6249.2 3800.0 239.1 
 E 5328.6 3910.2 209.6 
  Mean 5,522.0 3,826.5 212.9 
Clinton 2008 A 7529.6 3808.7 334.0 
 B 5600.7 3575.9 234.0 
 C 8140.1 3878.6 367.1 
 D 8996.3 3938.5 413.2 
 E 6897.2 3818.7 308.0 
  Mean 7,432.8 3,804.1 331.2 
Clinton 2009 A 5185.1 3645.8 191.3 
 B 5382.7 3502.6 190.8 
 C 5438.2 4020.3 220.6 
 D 5690.4 4009.3 233.3 
 E 5184.0 3656.8 191.0 
  Mean 5,376.1 3,767.0 205.4 
     
 Inbred x Env - LSD (0.05) 1193.2 370.1 63.0 
  LSD (0.05) 592 125.3 26.4 
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Table 13. Inbred plant population means at each environment with range in 
population among plot reps and standard error of the mean 
    Female  Male 
Inbred Env Range (m-2) 
Standard 
error Mean  Range (m-2) 
Standard 
error Mean 
A Clinton 2008 8.1-8.8 0.22 8.4  5.7-8.1 0.69 6.8 
 Washington 2008 8.3-9.9 0.47 9.1  7.1-9.7 0.79 8.6 
 Waterloo 2008 8.7-11.1 0.69 10.0  10.2-10.4 0.06 10.3 
 Clinton 2009 8.8-9.3 0.16 9.0  8.8-9.5 0.18 9.2 
 Washington 2009 9.7-10.8 0.31 10.2  10.4-10.5 0.03 10.5 
Mean     0.37 9.34   0.35 9.07 
B Washington 2008 6.4-7.8 0.44 7.3  8.5-9 0.17 8.6 
 Clinton 2008 8.3-9.5 0.36 8.8  5.8-6.1 0.12 6.0 
 Washington 2009 8.7-10.2 0.48 9.3  10.6-10.9 0.12 10.7 
 Clinton 2009 8.8-9 0.06 8.9  8.7-9.5 0.23 9.0 
 Waterloo 2008 9.2-10.2 0.32 9.6  10.3-10.5 0.07 10.4 
Mean     0.33 8.78   0.14 8.94 
C Washington 2008 7.5-8.6 0.35 7.9  7.2-7.5 0.07 7.3 
 Clinton 2009 8.2-9.5 0.37 8.9  7-7.8 0.27 7.5 
 Clinton 2008 8.4-10.2 0.54 9.3  4.1-5.6 0.43 4.9 
 Waterloo 2008 8.7-10.1 0.45 9.6  8-9.7 0.51 8.9 
 Washington 2009 9.2-10.1 0.28 9.7  8.1-9.7 0.48 9.1 
Mean     0.40 9.07   0.35 7.54 
D Washington 2008 6.1-8.1 0.57 7.2  8.1-9.7 0.49 8.8 
 Clinton 2009 8.2-9.3 0.34 8.6  9.1-9.5 0.11 9.3 
 Waterloo 2008 8.9-10.2 0.38 9.6  10.5-10.9 0.13 10.6 
 Clinton 2008 9.4-9.8 0.13 9.6  6.9-8 0.33 7.5 
 Washington 2009 9.6-10.2 0.21 9.8  10.3-10.5 0.05 10.4 
Mean     0.33 8.95   0.22 9.30 
E Washington 2008 6.5-10 1.13 7.8  5.7-7.7 0.61 6.9 
 Clinton 2008 7.7-8.7 0.28 8.2  7-8.2 0.40 7.8 
 Washington 2009 8.4-9.2 0.24 8.9  9.2-10.4 0.42 10.0 
 Clinton 2009 9-9.3 0.09 9.1  9.1-9.5 0.12 9.3 
 Waterloo 2008 9-10.5 0.46 10.0  10.3-10.5 0.07 10.4 
Mean     0.44 8.79   0.32 8.89 
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Table 14. Male parent selfed plot germination percentage means over 
environments for four male inbreds 
  Germination traits 
Inbred CSAT† (%) Warm (%) 
A 82.75 95.24 
B‡ 84.50 96.25 
C 61.42 77.45 
D 69.79 79.86 
 
† CSAT – cold saturated soil germination test 
‡ Mean does not include plot data from Washington 2009 which was lost due to planting error. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
42 
Table 15.  Analysis of variance table showing mean square of F-tests for effects 
on germination traits 
Effect          CSAT† Warm 
Env 39.1** 17.1* 
Inbred 117.4*** 4.1** 
Env*Inbred 5.1 1.8 
Type 12.6* 0.3 
Inbred*Type 6.2* 0.5 
Env*Type 4.4 2.2* 
Env*Inbred*Ttype 4.0 0.6 
*** Indicates significance at the 0.001 alpha level 
** Indicates significance at the 0.01 alpha level 
* Indicates significance at the 0.05 alpha level 
† CSAT – cold saturated soil germination test 
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Table 16. Mechanical damage effects on cold saturated soil germination (CSAT) 
and Warm germination test means of hybrid seed 
 
Type Inbred CSAT Warm 
Control A 96.0 98.2 
 B 97.7 97.7 
 C 96.8 98.4 
 D 97.1 98.0 
 E 92.6 97.2 
  Mean 96.0 97.9 
Impact A 96.2 97.9 
 B 95.6 97.9 
 C 97.0 98.0 
 D 96.6 97.9 
 E 92.0 97.3 
  Mean 95.5 97.8 
    
 Type x Inbred- LSD (0.05) 1.3 0.7 
 Type LSD (0.05) 0.5 0.3 
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Table 17.  Analysis of variance table showing mean square significance of F-
tests for effects on seed composition of hybrid seed produced using four distinct 
male inbreds 
Effects Environment Male Inbred Env*Male Inbred 
Protein 1.71E+01*** 4.45E-01* 2.98E-01 
Oil 8.59E-01*** 2.63E-01*** 1.88E-02** 
Starch 3.47E+02*** 4.05E-01* 1.87E-01 
Density 1.41E-03** 1.04E-01*** 8.87E-05 
Hydroxyproline 4.36E-05* 1.88E-05 2.35E-05 
AsparticAcid 9.39E-03** 1.13E-03 1.33E-03 
 Threonine 2.59E-03** 4.25E-05 3.94E-04 
Serine 4.50E-03** 3.68E-04 1.27E-03 
GlutamicAcid 2.41E-01** 3.99E-03 1.51E-02 
Proline 5.12E-02** 2.36E-03 2.50E-03 
Glycine 1.26E-03* 2.95E-04 2.05E-04 
Alanine 3.46E-02** 1.29E-03 2.71E-03 
Cysteine 7.22E-04* 1.38E-04 1.71E-04 
Valine 1.10E-02* 2.02E-04 6.35E-04 
Methionine 1.67E-03** 1.53E-03* 2.62E-04 
Isoleucine 9.43E-03* 2.29E-04 4.28E-04 
Leucine 1.72E-01** 1.37E-03 1.04E-02 
Tyrosine 3.80E-03** 6.09E-04 6.00E-04 
Phenylalanine 1.84E-02** 3.62E-04 1.06E-03 
Hydroxylysine 8.62E-05 1.50E-05 2.14E-05 
Ornithine 1.17E-04 4.18E-05 1.48E-05 
 Lysine 7.24E-04 1.42E-03*** 1.54E-04 
Histidine 2.52E-03* 2.07E-04 1.50E-04 
Arginine 3.94E-03** 1.30E-03 4.52E-04 
Tryptophan 5.04E-05 2.86E-05 2.68E-05 
*** Indicates significance at the 0.001 alpha level 
** Indicates significance at the 0.01 alpha level 
* Indicates significance at the 0.05 alpha level 
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Table 18. Pearson’s correlation coefficients between Cross Pollinated seed 
CSAT and Warm germination percentage and Male inbred per se compositional 
values. Correlations based on 19 observations for each trait, N=19. 
   Pearson Correlation Coefficients  
 Prot  Oil  Starch  Dens  
Glutamic 
Acid  Methionine  Lysine  
Hybrid 
CSAT  -0.59 -0.41 -0.71 0.22 -0.28 -0.56 -0.40 
Prob  *** 0.08 *** 0.36 0.24 * 0.09 
        
Hybrid 
Warm  -0.27 0.06 -0.22 0.18 -0.28 -0.33 -0.40 
Prob  0.26 0.80 0.38 0.46 0.24 0.17 0.09 
*** Indicates significance at the 0.001 alpha level 
** Indicates significance at the 0.01 alpha level 
* Indicates significance at the 0.05 alpha level 
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Table 19. Male inbred per se seed protein, methionine, glutamic acid and lysine 
concentration means by environment  
    Compositional value (% of total dry matter) 
Env Inbred Protein GlutamicAcid Methionine Lysine 
Clinton 2008 A 8.4 1.771 0.213 0.303 
 B 9.6 2.235 0.270 0.337 
 C 8.8 1.870 0.234 0.267 
 D 7.5 2.029 0.190 0.323 
Clinton 2009 A 13.6 2.594 0.291 0.313 
 B 11.7 2.149 0.190 0.313 
 C 9.9 1.775 0.234 0.268 
 D 10.1 1.900 0.201 0.302 
Washington 2008 A 7.8 1.537 0.156 0.278 
 B 8.7 1.904 0.168 0.269 
 C 8.6 1.813 0.213 0.269 
 D 7.7 1.604 0.146 0.269 
Washington 2009 A 11.1 1.893 0.248 0.293 
 B† - - - - 
 C 9.9 1.671 0.224 0.247 
 D 9.3 1.631 0.157 0.292 
Waterloo 2009 A 9.5 1.821 0.259 0.304 
 B 10.0 1.858 0.235 0.302 
 C 8.1 1.497 0.212 0.279 
  D 11.1 1.972 0.258 0.280 
† Plots lost due to very poor stand (≤ 6 plants m-2) 
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Figures 
 
Figure 1. Environment means for number of inbred plants per m-2 
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Figure 2. Environment means for pollen quantity per tassel and pollen quantity 
per hectare† 
 
 
† Means obtained from two reps of 2009 environments 
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Figure 3.Male inbred 80k units per hectare (80k/ha) and seeds per kilogram 
(sd/kg)  
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Figure 4.Male inbred means for pollen quantity per tassel and per hectare† 
 
† Means obtained from two reps of 2009 environments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
51 
Figure 5. Male Inbred by environment interaction for hybrid yield as Kilograms 
per hectare 
(kg/ha)
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Figure 6. Male Inbred per se cold saturated soil germination tests (CSAT) means 
by environment† 
 
 
† Plot data for inbred B at the Washington 2009 environment was lost to planting error. 
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Figure 7. Inbred germination test means for both Warm and cold saturated soil 
germination tests (CSAT) 
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Figure 8. Environment cold saturated soil germination tests (CSAT) and Warm 
germination means  
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Figure 9. Environment by Mechanical damage interaction effects on Warm 
germination tests means  
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Appendix 
Table 20. Male parent selfed plot yield trait means by environment  
    Yield traits† 
Inbred Environment kg/ha seeds/kg 80k/ha 
A Clinton 08 8080.1 5556.6 397.3 
 Clinton 09 3953.7 3454.6 120.9 
 Washington 08 7798.9 4830.8 333.4 
 Washington 09 5489.2 5857.7 284.6 
 Waterloo 09 9707.7 4768.8 409.7 
B Clinton 08 7855.8 3901.0 271.2 
 Clinton 09 4974.6 3341.9 147.1 
 Washington 08 8514.5 4456.6 335.8 
 Waterloo 09 8597.7 4130.5 314.3 
C Clinton 08 8135.6 5715.4 411.5 
 Clinton 09 6426.0 5031.7 286.1 
 Washington 08 6593.4 5375.2 313.6 
 Washington 09 6424.0 4919.0 279.7 
 Waterloo 09 12570.1 3379.5 375.9 
D Clinton 08 9062.7 3742.2 300.1 
 Clinton 09 7125.3 2853.8 180.0 
 Washington 08 10405.7 3402.0 313.3 
 Washington 09 7208.8 3830.1 244.3 
 Waterloo 09 6363.1 6458.5 363.7 
† Data represents one rep per environment. 
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Table 21. Seed compositional means by environment of hybrid seed produced 
  Environment   
 2008  2009  
Trait Clinton  Washington    Clinton Washington  Waterloo  
LSD 
(0.05) 
Protein 9.720 10.204  12.764 12.122 10.534 0.507 
Oil 3.485 3.383  3.549 3.825 4.104 0.060 
Starch 59.038 58.746  69.171 69.321 70.341 0.491 
Density 1.312 1.327  1.319 1.307 1.296 0.012 
Alanine 0.877 0.883  0.968 0.924 0.810 0.054 
Arginine 0.523 0.494  0.500 0.488 0.468 0.016 
Aspartic Acid 0.706 0.695  0.723 0.695 0.641 0.033 
Cysteine 0.246 0.241  0.254 0.245 0.230 0.013 
Glutamic Acid 2.244 2.262  2.385 2.290 1.969 0.139 
Glycine 0.411 0.394  0.407 0.397 0.383 0.016 
Histidine 0.327 0.321  0.347 0.338 0.306 0.023 
Hydroxylysine 0.004 0.010  0.009 0.010 0.012 0.006 
Hydroxyproline 0.006 0.002  0.002 0.000 0.001 0.002 
Isoleucine 0.415 0.420  0.452 0.432 0.369 0.041 
Leucine 1.555 1.582  1.747 1.665 1.397 0.119 
Lysine 0.334 0.334  0.331 0.324 0.314 0.022 
Methionine 0.263 0.256  0.278 0.271 0.245 0.008 
Ornithine 0.002 0.006  0.010 0.009 0.003 0.005 
Phenylalanine 0.587 0.592  0.641 0.612 0.525 0.040 
Proline 0.977 0.992  1.119 1.070 0.946 0.064 
Serine 0.502 0.495  0.497 0.477 0.450 0.026 
Threonine 0.382 0.375  0.392 0.377 0.349 0.017 
Tryptophan 0.068 0.071  0.071 0.071 0.074 0.008 
Tyrosine 0.367 0.363  0.379 0.367 0.327 0.022 
Valine 0.516 0.522   0.572 0.552 0.486 0.041 
Bold + italic font indicate  significance at α=0.05 
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Table 22. Hybrid seed compositional means by inbred 
  Inbred   
Trait A B C D E LSD (0.05) 
Protein 11.151 11.015 11.030 10.785 11.363 0.338 
Oil 3.667 3.740 3.876 3.629 3.433 0.072 
Starch 65.186 65.347 65.148 65.655 65.281 0.322 
Density 1.300 1.324 1.318 1.316 1.303 0.008 
Alanine 0.891 0.900 0.891 0.875 0.905 0.055 
Arginine 0.496 0.499 0.493 0.478 0.509 0.028 
Aspartic Acid 0.699 0.691 0.689 0.676 0.704 0.039 
Cysteine 0.244 0.237 0.245 0.245 0.246 0.017 
Glutamic Acid 2.215 2.251 2.225 2.208 2.250 0.143 
Glycine 0.400 0.393 0.403 0.392 0.403 0.018 
Histidine 0.325 0.323 0.328 0.335 0.329 0.018 
Hydroxylysine 0.008 0.009 0.009 0.009 0.011 0.004 
Hydroxyproline 0.001 0.002 0.001 0.004 0.002 0.004 
Isoleucine 0.418 0.418 0.412 0.415 0.425 0.028 
Leucine 1.580 1.601 1.582 1.580 1.603 0.110 
Lysine 0.330 0.322 0.329 0.311 0.344 0.013 
Methionine 0.269 0.255 0.275 0.245 0.270 0.018 
Ornithine 0.004 0.008 0.008 0.003 0.007 0.005 
Phenylalanine 0.585 0.597 0.587 0.589 0.599 0.039 
Proline 1.009 1.014 1.006 1.035 1.039 0.059 
Serine 0.477 0.489 0.485 0.480 0.491 0.032 
Threonine 0.372 0.375 0.375 0.376 0.377 0.022 
Tryptophan 0.072 0.072 0.071 0.069 0.073 0.004 
Tyrosine 0.353 0.360 0.361 0.355 0.373 0.028 
Valine 0.536 0.528 0.530 0.524 0.531 0.034 
Bold + italic font means significant 
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Table 23 . Male parent selfed plot germination trait means by environment  
 
† Data represents one rep per environment. 
‡ CSAT – cold saturated soil germination test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Germ. traits† 
Inbred Environment CSAT‡ Warm 
A Clinton 08 88.5 90.0 
 Clinton 09 87.5 95.0 
 Washington 08 96.5 98.5 
 Washington 09 89.5 97.8 
 Waterloo 09 59.5 92.6 
B Clinton 08 92.0 97.8 
 Clinton 09 86.0 96.8 
 Washington 08 95.0 97.5 
 Waterloo 09 62.5 95.3 
C Clinton 08 73.5 68.3 
 Clinton 09 73.0 77.9 
 Washington 08 66.0 66.5 
 Washington 09 84.0 85.3 
 Waterloo 09 10.5 88.3 
D Clinton  08 66.3 76.5 
 Clinton 09 72.5 87.8 
 Washington 08 76.5 89.5 
 Washington 09 79.5 81.4 
 Waterloo 09 60.3 64.0 
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Table 24. Analysis of Variance table for 80k units per hectare (80k/ha), seed per 
kilogram (sd/kg)  and kilograms per hectare (kg/ha) at each environment. 
Includes Mean Square error (MSE) for each trait at each environment. 
  Anova F-Test 
Effect 80k/ha Sd/kg kg/ha 
     
Waterloo 2009    
Rep 0.83 0.70 0.88 
Inbred * * * 
MSE 862.0 12884.0 485871.0 
    
Washington 2008    
Rep 0.54 0.24 0.53 
Inbred 0.35 0.10 0.47 
MSE 1130.3 7354.3 748855.0 
    
Washington 2009    
Rep 0.64 0.62 0.57 
Inbred 0.14 0.58 0.11 
MSE 1083.2 33994.0 557807.0 
    
Clinton 2008    
Rep 0.34 0.31 0.10 
Inbred *** 0.11 * 
MSE 1448.6 21716.0 576090.0 
    
Clinton 2009    
Rep *** * *** 
Inbred 0.23 0.05 0.71 
MSE 683.7 41201.0 245432.0 
*** Indicates significance at the 0.001 alpha level 
** Indicates significance at the 0.01 alpha level 
* Indicates significance at the 0.05 alpha level 
Bold italic Indicates significance at the 0.10 alpha level 
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Table 25.  Analysis of Variance table for germination at each environment. 
  ANOVA F-Test 
Effect Env CSAT† Warm 
    
Clinton 2008   
Rep 0.79 * 
Inbred * * 
Type 0.95 * 
Inbred *Type 0.15 0.46 
   
Clinton 2009   
Rep 0.56 0.44 
Inbred 0.32 0.89 
Type 0.10 0.29 
Inbred *Type * 0.49 
   
Washington 2008   
Rep 0.37 0.32 
Inbred ** * 
Type 0.14 0.73 
Inbred *Type 0.45 0.63 
   
Washington 2009   
Rep 0.55 0.37 
Inbred * 0.19 
Type 0.06 0.15 
Inbred *Type 0.49 0.38 
   
Waterloo 2009   
Rep 0.32 * 
Inbred ** * 
Type 0.16 0.08 
Inbred *Type 0.70 0.51 
*** Indicates significance at the 0.001 alpha level 
** Indicates significance at the 0.01 alpha level 
* Indicates significance at the 0.05 alpha level 
Bold italic Indicates significance at the 0.10 alpha level 
† CSAT – cold saturated soil germination test 
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Table 26 . Analysis of Variance table for compositional analysis at each 
environment 
  ANOVA F-Test 
 Clinton 2008  Clinton 2009  
Washington 
2008  
Washington 
2009  
Waterloo 
2009 
 Trait Rep Inbred   Rep Inbred   Rep Inbred   Rep Inbred   Rep Inbred 
Protein 0.80 0.07  0.09 0.44  0.37 0.47  0.94 *  * * 
Oil 0.80 *  0.37 *  0.66 **  0.59 0.07  0.93 ** 
Starch 0.87 *  0.08 0.38  0.38 0.64  0.69 0.06  * 0.17 
Density 0.77 *  0.24 0.46  0.12 0.10  0.34 0.18  0.81 0.08 
Aspartic Acid 0.78 0.30  0.34 0.25  0.90 0.93  0.42 0.47  0.18 0.34 
Threonine 0.96 0.12  0.28 0.35  0.88 1.00  0.41 0.74  0.73 0.39 
Serine 0.71 0.11  0.37 0.44  0.79 0.95  0.54 0.31  0.37 0.14 
Glutamic Acid 0.83 0.23  0.22 0.53  0.95 1.00  0.27 0.40  0.16 0.19 
Proline 0.97 0.38  0.17 0.41  0.83 0.99  0.45 0.71  0.22 0.19 
Glycine 0.60 0.46  0.40 0.31  0.93 0.94  0.59 0.80  0.10 0.45 
Alanine 0.78 0.21  0.24 0.51  0.90 0.99  0.36 0.38  0.16 0.14 
Cysteine 0.67 0.98  0.31 0.23  0.88 1.00  0.37 0.54  0.97 0.79 
Valine 0.64 0.83  0.26 0.24  0.94 0.99  0.40 0.50  * 0.78 
Isoleucine 0.71 0.66  0.32 0.49  0.99 0.99  0.22 0.37  * 0.59 
Leucine 0.89 0.27  0.20 0.46  0.89 1.00  0.32 0.43  0.09 0.19 
Tyrosine 0.78 0.56  0.41 0.59  0.84 0.88  0.65 0.53  * ** 
Phenylalanine 0.74 0.36  0.19 0.48  0.90 1.00  0.36 0.45  0.07 0.22 
Hydroxylysine 1.00 0.37  0.18 0.50  0.37 0.50  0.38 0.50  0.38 0.50 
Ornithine 1.00 0.68  0.37 0.50  0.62 0.62  1.00 0.68  0.07 0.50 
Lysine 0.77 0.42  * ***  0.35 0.15  0.37 0.46  0.09 0.25 
Histidine 0.80 0.88  0.28 0.23  0.84 1.00  0.40 0.73  0.07 0.52 
Arginine 0.96 0.25  0.53 0.22  0.90 0.92  0.49 0.38  0.37 0.23 
Tryptophan 0.37 0.49   0.19 0.22   0.62 0.78   0.08 0.54   0.19 0.22 
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Table 27 . Cold saturated soil test (CSAT) and Warm germination test means for 
the three-way interaction between Environment, Inbred and mechanical damage 
Environment Inbred Type Csat Warm 
Clinton 2008 A Control 96.3 97.1 
  Impact 97.0 98.2 
 B Control 97.3 96.4 
  Impact 94.8 96.8 
 C Control 96.7 98.0 
  Impact 98.7 98.3 
 D Control 97.5 97.3 
  Impact 97.3 97.6 
 E Control 93.3 96.2 
  Impact 93.2 98.0 
Clinton 2009 A Control 95.0 98.0 
  Impact 95.2 97.8 
 B Control 98.5 97.8 
  Impact 93.3 98.2 
 C Control 96.3 98.5 
  Impact 96.8 98.3 
 D Control 97.8 98.5 
  Impact 94.3 97.3 
 E Control 92.5 98.1 
  Impact 94.5 97.9 
Washington 2008 A Control 97.2 98.7 
  Impact 98.0 98.3 
 B Control 98.3 99.0 
  Impact 97.8 98.6 
 C Control 99.0 99.2 
  Impact 99.2 99.5 
 D Control 97.7 99.3 
  Impact 99.0 99.6 
 E Control 93.5 98.4 
  Impact 94.2 98.9 
Washington 2009 A Control 96.2 98.8 
  Impact 96.5 97.3 
 B Control 97.8 97.3 
  Impact 96.0 97.8 
 C Control 96.2 97.2 
  Impact 95.3 95.8 
 D Control 96.5 97.1 
  Impact 95.8 97.2 
 E Control 93.5 95.9 
  Impact 90.8 95.2 
Waterloo 2009 A Control 95.3 98.4 
  Impact 94.2 98.1 
 B Control 96.5 97.8 
  Impact 96.2 98.0 
 C Control 96.0 99.1 
  Impact 95.0 98.1 
 D Control 96.2 98.1 
  Impact 96.3 97.7 
 E Control 90.0 97.3 
    Impact 87.2 96.6 
  LSD (0.05) 3.0 1.7 
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Table 28. Oil, starch and seed density means for Inbred by environment 
interaction 
Environment Inbred Oil Starch Density 
Clinton 2008 
A 3.50 59.08 1.293 
 B 3.39 58.57 1.335 
 C 3.74 58.77 1.323 
 D 3.45 59.55 1.314 
 E 3.35 59.23 1.297 
Clinton 2009 A 3.45 69.03 1.313 
 B 3.77 69.43 1.324 
 C 3.74 68.77 1.324 
 D 3.47 69.16 1.323 
 E 3.31 69.46 1.311 
Washington 2008 A 3.30 58.44 1.318 
 B 3.50 58.95 1.329 
 C 3.64 58.53 1.332 
 D 3.38 59.22 1.333 
 E 3.10 58.58 1.322 
Washington 2009 A 4.01 69.16 1.289 
 B 3.84 69.35 1.320 
 C 3.93 68.98 1.311 
 D 3.73 70.04 1.319 
 E 3.61 69.08 1.295 
Waterloo 2009 A 4.08 70.23 1.287 
 B 4.20 70.43 1.310 
 C 4.33 70.69 1.301 
 D 4.11 70.29 1.291 
  E 3.80 70.06 1.290 
 LSD (0.05) 0.156 0.802 0.019 
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Table 29A. Amino acid composition means for inbred by environment interaction 
    Amino Acid 
  Inbred Alanine Arginine 
Aspartic 
Acid Cysteine 
Glutamic 
Acid Glycine Histidine 
Clinton 2008 A 0.85 0.50 0.69 0.24 2.16 0.40 0.32 
B 0.95 0.55 0.75 0.25 2.44 0.42 0.33 
C 0.88 0.53 0.71 0.25 2.26 0.42 0.33 
D 0.84 0.50 0.68 0.25 2.16 0.40 0.32 
E 0.86 0.54 0.71 0.25 2.20 0.42 0.33 
Clinton 2009 A 0.99 0.51 0.75 0.27 2.42 0.42 0.35 
B 0.92 0.48 0.68 0.23 2.27 0.39 0.33 
C 0.99 0.50 0.73 0.26 2.44 0.42 0.35 
D 1.01 0.51 0.75 0.27 2.49 0.41 0.37 
E 0.94 0.50 0.70 0.25 2.31 0.40 0.33 
Washington 
2008 
A 0.89 0.51 0.71 0.24 2.27 0.40 0.32 
B 0.88 0.50 0.68 0.24 2.25 0.39 0.31 
C 0.89 0.49 0.68 0.24 2.27 0.39 0.33 
D 0.85 0.47 0.67 0.24 2.22 0.38 0.33 
E 0.90 0.51 0.72 0.24 2.30 0.40 0.32 
Washington 
2009 
A 0.91 0.49 0.70 0.24 2.27 0.40 0.33 
B 0.95 0.51 0.71 0.25 2.35 0.40 0.34 
C 0.92 0.47 0.69 0.24 2.28 0.40 0.33 
D 0.88 0.46 0.66 0.24 2.19 0.39 0.34 
E 0.96 0.51 0.72 0.25 2.36 0.40 0.34 
Waterloo 
2009 
A 0.80 0.46 0.64 0.23 1.95 0.38 0.30 
B 0.80 0.46 0.63 0.22 1.95 0.37 0.30 
C 0.78 0.47 0.63 0.24 1.88 0.39 0.30 
D 0.80 0.46 0.63 0.23 1.99 0.38 0.32 
E 0.87 0.49 0.68 0.24 2.08 0.39 0.32 
 
LSD 
(0.05) 0.12 0.06 0.08 0.04 0.32 0.04 0.04 
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Table 29B. Amino acid composition means for inbred by environment interaction 
    Amino Acid 
Environment Inbred 
Hydroxy-
lysine 
Hydroxy
-proline 
Iso-
leucine Leucine Lysine Methionine Ornithine 
Clinton 2008 A 0.000 0.000 0.41 1.50 0.331 0.264 0.000 
B 0.006 0.011 0.44 1.71 0.340 0.273 0.006 
C 0.000 0.006 0.41 1.56 0.335 0.273 0.000 
D 0.006 0.011 0.40 1.49 0.319 0.246 0.000 
E 0.011 0.000 0.42 1.51 0.347 0.257 0.006 
Clinton 2009 A 0.011 0.000 0.46 1.78 0.346 0.290 0.011 
B 0.006 0.000 0.43 1.65 0.313 0.257 0.011 
C 0.006 0.000 0.46 1.78 0.335 0.302 0.011 
D 0.011 0.006 0.47 1.84 0.324 0.274 0.011 
E 0.011 0.006 0.44 1.68 0.335 0.268 0.006 
Washington 
2008 
A 0.006 0.006 0.42 1.60 0.337 0.258 0.006 
B 0.011 0.000 0.41 1.56 0.326 0.247 0.006 
C 0.011 0.000 0.42 1.59 0.331 0.269 0.011 
D 0.011 0.000 0.42 1.56 0.309 0.236 0.000 
E 0.011 0.006 0.43 1.61 0.365 0.269 0.006 
Washington 
2009 
A 0.011 0.000 0.43 1.64 0.327 0.276 0.006 
B 0.011 0.000 0.45 1.71 0.327 0.271 0.011 
C 0.011 0.000 0.42 1.66 0.322 0.271 0.011 
D 0.006 0.000 0.41 1.59 0.306 0.249 0.006 
E 0.011 0.000 0.45 1.72 0.339 0.288 0.011 
Waterloo 
2009 
A 0.011 0.000 0.36 1.38 0.311 0.254 0.000 
B 0.011 0.000 0.37 1.38 0.304 0.225 0.006 
C 0.017 0.000 0.36 1.32 0.322 0.260 0.006 
D 0.011 0.006 0.38 1.42 0.299 0.220 0.000 
E 0.011 0.000 0.38 1.49 0.333 0.265 0.006 
 
LSD 
(0.05) 0.010 0.008 0.07 0.25 0.033 0.036 0.011 
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Table 29C. Amino acid composition means for inbred by environment interaction 
    Amino Acid 
Environment Inbred 
Phenyl-
alanine Proline Serine Threonine Tryptophan Tyrosine Valine 
Clinton 2008 A 0.566 0.953 0.460 0.359 0.067 0.348 0.527 
B 0.635 1.037 0.552 0.407 0.067 0.379 0.535 
C 0.586 0.959 0.507 0.385 0.067 0.379 0.519 
D 0.564 0.967 0.492 0.380 0.067 0.358 0.486 
E 0.582 0.968 0.498 0.381 0.073 0.369 0.515 
Clinton 2009 A 0.653 1.128 0.497 0.402 0.078 0.374 0.592 
B 0.609 1.057 0.464 0.369 0.067 0.363 0.542 
C 0.648 1.128 0.508 0.397 0.073 0.380 0.581 
D 0.676 1.190 0.531 0.413 0.067 0.408 0.592 
E 0.619 1.093 0.485 0.379 0.073 0.368 0.552 
Washington 
2008 
A 0.590 0.983 0.511 0.382 0.073 0.376 0.522 
B 0.589 0.977 0.500 0.371 0.073 0.354 0.516 
C 0.589 0.981 0.477 0.370 0.073 0.348 0.538 
D 0.585 0.995 0.478 0.371 0.067 0.349 0.512 
E 0.606 1.022 0.511 0.382 0.067 0.387 0.522 
Washington 
2009 
A 0.604 1.049 0.463 0.372 0.073 0.355 0.558 
B 0.631 1.082 0.490 0.383 0.073 0.383 0.564 
C 0.604 1.056 0.497 0.384 0.068 0.362 0.537 
D 0.589 1.059 0.459 0.368 0.068 0.340 0.532 
E 0.633 1.103 0.475 0.379 0.074 0.396 0.571 
Waterloo 
2009 
A 0.515 0.933 0.452 0.345 0.068 0.311 0.481 
B 0.519 0.919 0.440 0.344 0.079 0.321 0.485 
C 0.508 0.903 0.435 0.339 0.073 0.339 0.474 
D 0.530 0.965 0.440 0.350 0.073 0.322 0.496 
E 0.553 1.009 0.485 0.367 0.079 0.344 0.496 
 
LSD 
(0.05) 0.088 0.133 0.068 0.047 0.012 0.060 0.079 
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Table 30. Inbred population means at each environment 
  Population ( plants per M-2 ) 
Env Male Female 
Clinton 08 6.05 8.86 
Washington 08 8.06 7.85 
Clinton 09 8.85 8.90 
Washington 09 10.10 9.63 
Waterloo 09 10.10 9.80 
      
Grand mean 8.91 9.01 
LSD (0.05) 0.32 0.30 
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Figure 10. Oil concentration Inbred by environment interaction 
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Figure 11 . Ten seed sample of each parental inbred. 
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Figure 12  . Ten seed sample of hybrid seed produced with each inbred 
combination 
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